Objectives: To compare obesity measures, metabolic profiles and dietary fatty acids in lean and obese dyslipideamic Asian Indian male subjects. Design: Cross-sectional. Settings: Asian Indians living in the eastern part of India. Subjects: One hundred and thirty (Group I: lean control, n ¼ 50; Group II: lean dyslipidaemic, n ¼ 40 and Group III: obese dyslipidaemic, n ¼ 40) Asian Indian male subjects (X30 years) living in the eastern part of India. Methods: Anthropometric measures namely height, weight, circumferences of waist (WC) and hip, lipids (total cholesterol (TC) and triglycerides (TG)), lipoproteins (high-(HDL) and low-density lipoproteins (LDL)), fasting plasma glucose (FPG) and dietary fatty acids were obtained from each participant. Obesity measures, that is, body mass index (BMI), waist-hip ratio (WHR) and conicity index (CI) were subsequently calculated from anthropometric measures. Obesity was defined as individuals having BMIX25 kg/m 2 . Subjects with one or more of the following conditions were considered as dyslipidaemic: TGX2.3 mmol/l, TCX6.2 mmol/l, or TC/HDLX4.4 mmol/l. Daily intake of nutrients as well as saturated (SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) were estimated by adding together all the foodstuffs consumed on weekly and monthly manner. Conversion of foodstuffs into nutrients was performed according to standard nutritive values of Indian foodstuffs. Results: Analysis of variance with Scheffe's post hoc test revealed that Group I had significantly lower mean compared to both Group II and Group III for age, WC, WHR, CI, TC, TG, LDL, FPG, total carbohydrates intake and intake of trans fatty acids. On the other hand, Group I had significantly lower mean than Group III only for BMI as well as intake of total proteins, total fats, total energy and erucic acids. Although, Group I had significantly greater mean compared to both Group II and Group III for HDL, UFA/SFA, MUFA/SFA and PUFA/SFA. Pearson's partial correlations (controlling for age and total energy) revealed that central obesity measures (WC, WHR and CI) had significant association with dietary fatty acids and their ratios. Furthermore, partial correlations (controlling for age) also showed that the ratios of unsaturated to SFA had significant negative association with lipids, lipoproteins (except HDL) and plasma glucose. Discriminant function analysis revealed that overall 78% of all entries were positively (correctly) classified in three groups using fatty acids and their ratios. Conclusion: It seems rational to argue that while dealing with dyslipidaemic Asian Indians, clinicians should consider obesity measures, metabolic profiles and dietary fatty acids simultaneously to better comprehend the condition (s).
Introduction
The propensity to coronary heart disease (CHD) is known to be high in people of Asian Indian origin (Enas et al., 1992; Yusuf et al., 2004) . Cardiovascular mortality in Asian Indian population is likely to climb up 103% in men and 90% in women by 2015 (Reddy and Yusuf, 1998) . In fact, CHD has been predicted to rank first among the causes of death in Indian population by 2015 (Reddy, 1993) . Although the prevalence of conventional risk factors such as smoking, hypertension and hypercholesterolemia are no higher in south Asians than other ethnic groups, yet, it seems reasonable to state that some risk factors for atherosclerosis are particularly widespread among them namely high plasma triglyceride (TG), increased level of total cholesterol (TC) and high-density lipoproteins (HDL) ratio (TC:HDL), type 2 diabetes mellitus (T2DM), central or visceral obesity (Pais et al., 1996; Enas, 2000; Ghosh et al., 2003) . Most interestingly, in Asian populations, mortality and morbidity from chronic diseases (e.g. CHD) is occurring in people with lower body mass index (BMI) and thus they tend to accumulate intra-abdominal or visceral fat without developing generalized obesity, that is, BMI or % body fat (WHO/IASO/IOTF, 2000; Ghosh et al., 2004) . The metabolic syndrome that has been defined as the constellation of CHD risk factors is associated with striking tendency to central obesity in south Asians although they are no more overweight than European or Americans (Misra and Vikram, 2002; Ghosh, 2005) .
All the major treatment guidelines have had highlighted the risks stratification and management as imperative for those at high risk of chronic diseases. The Framingham risk scores is one such method to assessing the relative 'odds' of risk of an individual to develop CHD over the next 10 years (Guha et al., 2004) . Although the Framingham risk scores has been not adequately tested in Asian Indian population, one retrospective case-control study has had failed to identify a large proportion of high-risk individuals who actually developed acute coronary syndrome (ACS) in diabetogenic condition. In fact, in diabetic patients, there was no significant difference in the mean projected 'risk' between patients with ACS and patients without any manifestation of CHD (Guha et al., 2004) . It has been emphasized also that dyslipidaemia is a silent killer and increased the risk to develop CHD prematurely (Enas et al., 2003; Bhalodkar et al., 2004; Yusuf et al., 2004) . The prevalence of T2DM and/or dyslipidaemia, on the other hand, are high for Asian Indians both in India (Gupta and Gupta, 1996; Ramachandran et al., 2001; Kutty et al., 2002; Gupta et al., 2004) and abroad (Deurenberg-Yap et al., 2001; Ho et al., 2001; Bhalodkar et al., 2004; Yusuf et al., 2004; Ezenwaka and Kalloo, 2005) and in turn emphasized the effective managements including nutrients profiling to identify individual who are at greater risk from dyslipidaemia and/or T2DM.
Indian subcontinent is characterized by cultural heterogeneity results in differences in food consumptions amongst the different communities across the Indian Diaspora (Ghosh et al., 2003; Ghosh, 2004) . This diversity in food consumptions is intriguing one and is unequivocally a potential risk factor for growing catastrophe from many chronic conditions such as dyslipidaemia in Asian Indians. It is worthy to mention that Asian Indians are predominantly vegetarians; however, variations in carbohydrates, proteins and fats intake largely depend upon the geographical region and/or religion. Rural folk in this part of the universe, usually consumed simple diets consisting of low total saturated fats and high dietary fibers by means of green leafy vegetables. On contrary, urban people often consumed high consumption of total saturated fats, carbohydrates and decreased intake of dietary fibers. Furthermore, like other developing countries, large-scale urbanization has been taking place in India with effective changes in lifestyles including food habits and decreased physical activity attributable to evolving circumstances of chronic conditions, for example, dyslipidaemia in Asian Indians (Kutty et al., 2002; Enas et al., 2003; Reddy et al., 2005) .
However, to the best of author's knowledge, no study has been undertaken to compare anthropometric, lipids, lipoproteins, glucose and nutrient profiles in lean and obese dyslipidaemic Asian Indian subjects. In view of the above consideration, the present study was undertaken amongst 130 Asian Indian male subjects living in the eastern part of India with the following objectives:
To compare obesity measures, lipids, lipoproteins, plasma glucose and nutrient profiles in lean control, lean dyslipidaemic and obese dyslipidaemic subjects.
To study the association of dietary fatty acids, their ratios and obesity measures.
To study the association of dietary fatty acids, their ratios, lipids, lipoproteins and plasma glucose. To find out, how well (discrimination) dietary fatty acids and their ratios could be used for corrected group size in this population.
Materials and methods

Study population
A total of 130 apparently healthy adult (30 years and above) Asian Indian men and predominantly (94%) belonged to Hindu religion were subjects in the present investigation.
The following three groups were studied: lean control (Group I, n ¼ 50); lean dyslipidaemic (Group II, n ¼ 40) obese dyslipidaemic (Group III, n ¼ 40). The study was conducted in between December 2003 and January 2005 at the 'out patient department' (OPD) of the Department of Medicine and Pathology of BR Singh Hospital, Eastern Railway, Calcutta and Calcutta Medical College and Hospital. Controls were recruited from those attending the OPD of the Department of Pathology for various reasons other than cardiovascular disease and/or metabolic complications. All participants were belonged to well to do socio-economic conditions as assessed from their materialistic possessions (e.g. washing machine, personal computer, four wheeler, etc.) using a separate schedule that was also used to collect information on health-related behaviors, for example, drinking habits, smoking status, etc. (Ghosh, 2006) . The majority of the participants (88%) was engaged in nonmanual work and was leading sedentary lifestyles (no regular physical exercise by means of walking, swimming, etc.). All subjects were inhabitant of Calcutta and suburb. Informed consent was taken from participants before actual commencement of the work. The institutional ethics committee have had approved the study.
Anthropometric measures
Height, weight, circumferences of waist (WC) and hip were recorded using standard techniques (Lohman et al., 1988) by the recorder. Height and weight were measured to the nearest 0.1 cm and 0.5 kg, respectively. Waist and hip circumferences were measured with an inelastic tape to the nearest 0.2 cm. BMI and waist-hip ratio (WHR) and conicity index (CI) (Valdez et al., 1993) were computed using the following formulae: 
Metabolic measures
A fasting blood sample (7 ml) was collected from each subject for the determination of metabolic profiles. All subjects were maintained an overnight fast of X12 h before blood collection. Plasma was separated by centrifugation at 1000 Â g for 20 min at room temperature within 2 h of collection. Estimation of TC, TG, fasting plasma glucose (FPG) was carried out on separated plasma using auto-analyzer. HDL cholesterol was measured after an overnight stand of plasma in a refrigerator and then precipitation of non-HDL, namely low-(LDL), very low-density lipoproteins and chylomicrons with manganese-heparin substrate (Varley et al., 1980) . LDL was then estimated using the following formula (Friedewald et al., 1972) :
All biochemical analyses were performed at the biochemistry unit of hospitals. Both anthropometric and metabolic measures were recorded in a pre-designed schedule to maneuver efficiently during computation. All metabolic variables were measured in mg/dl unit (mg%) and then converted into mmol/l unit using the following standard conversion factors:
For TC, HDL, LDL: value in mg/dl Â 0.02586. For TG: value in mg/dl Â 0.01129. For FPG: value in mg/dl Â 0.05551.
Dietary profile
An open-ended food frequency schedule (recall method) consisting of three sections and in local language was used to collect information on nutrients from each participant. The schedule was prepared following the guidelines prepared by the National Institute of Nutrition (NIN), Hyderabad, India (Thimmayamma and Rau, 1987; Gopalan et al., 1996) . The responses to the open-ended schedule were free and spontaneous and respondents were not bound in their replies to a particular question posed before them. The sole purpose of using open-ended schedule in the study was to collect quantitative cross-sectional data on dietary pattern. The first section of the proforma was meant for collecting 24 h nutrients intake including breakfast, lunch, evening snacks and dinner. The second portion dealt with various foodstuffs usually consumed on weekend days', that is, not consumed on daily basis. The consumptions were recorded on weekly and monthly basis (multilevel ordinal variable) to surrogate daily consumption. The third section included the type and amount of fats used as the cooking medium as well as utensils commonly used in making foods. Daily intake of nutrients was estimated by adding all the foodstuffs consumed on weekly and monthly basis. Conversion of foodstuffs into nutrients was carried out according to standard (Gopalan et al., 1996 , Enas et al., 2003 nutritive values of Indian foods. The revalidation of the food frequency schedule was carried out on a subset (n ¼ 20) of the present population (Ghosh et al., 2003) . However, no repeat measures were carried out to take into account of daily variations in food consumption pattern. ). The remaining subjects were classified as nondyslipidaemic. Above circumstances essentially formed the basis of selection of participants (participants were not selected on post hoc basis) and were strictly maintained through out the study.
Definitions
Statistical analyses
Descriptive statistics such as mean and standard deviation (s.d.) were undertaken separately for three groups. Comparison of groups for variables was carried out using analysis of variance (ANOVA) and with Scheffe's post hoc test. Pearson's partial correlation was also undertaken separately for three groups as well as on total sample to study the association of dietary fatty acids, their ratios, lipids, lipoproteins, plasma glucose and obesity measures. Finally, how well (discrimination) dietary fatty acids and their ratios could be used for corrected group size in this population, discriminant analysis was undertaken. Discriminant analysis is one such approach and is useful for situations where one wants to build a predictive model of group membership based on observed characteristics of each case. The procedure generates a discriminant function (or, for more than two groups, a set of discriminant functions) based on linear combinations of the predictor variables that provide the best discrimination between the groups. The functions are generated from a sample of cases for which group membership is known; the functions can then be applied to new cases with measurements for the predictor variables but unknown group membership. All statistical analyses were performed using the SPSS (PC þ version 10). A P-value of o0.05 (two tailed) was considered as significant.
Results
The distribution of all variables were checked for normality and was found that distribution of WC, WHR, CI, all the metabolic measures except LDL and two fatty acids ratios namely MUFA/SFA and PUFA/SFA were significantly skewed. Necessary Log 10 transformation was undertaken to normalize their distribution. 
Dietary fatty acids in Asian Indians
A Ghosh of Pearson's partial correlation analyses (controlling age) between metabolic profiles and dietary fatty acids (Table 3) showed that the ratios of unsaturated fatty acids to saturated fatty acids (e.g. PUFA/SFA) had significant negative association with lipids (TC and TG), lipoproteins (LDL) and plasma glucose. HDL on the other hand had significant (Po0.001) positive involvement with UFA/SFA, MUFA/SFA and PUFA/ SFA. Trans fatty acids and erucic acid had significant (Po0.01) negative association with HDL.
Group membership
As dietary fatty acids and their ratios had both significant negative and positive association with obesity measures and metabolic profiles, therefore, discriminant analysis (corrected for group size) was undertaken to find out how well group members in the three groups could correctly be classified utilizing dietary fatty acids and their ratios. The results (Table 4) revealed that overall 78% of all cases were correctly (positively) classified in the three groups with UFA to SFA ratio was the most discriminant among the functions (result was not shown).
Health-related behaviors
As far as exercise habit was concerned, result was somewhat interesting as more than 85% participants were not engaged in any kind of regular physical exercise (e.g. walking, swimming, etc.) habit with 40, 48 and 57% current smokers were noticed in lean control, lean dyslipidaemic and obese dyslipidaemic groups, respectively. However, habitual drinking was not evident for participants during the study. It is noteworthy to mention that 7.4 and 6.2% of the total participants were hypertensive and diabetic, respectively.
Discussion
The present investigation was aimed to compare obesity measures, metabolic profiles and dietary intake of fatty acids in lean vs obese dyslipidaemic Asian Indian male subjects.
Central obesity and dietary fatty acids
It was apparent that there existed significant inverse association between central obesity measures and intake of unsaturated fatty acids. Moreover, numerators in fatty acids ratios (PUFA/SFA, etc.) were unsaturated fatty acids, namely, Dietary fatty acids in Asian Indians A Ghosh MUFA or PUFA. Therefore, it seems reasonable to argue that increased intake of unsaturated to saturated fatty acids would be beneficial across the groups particularly for dyslipidaemic subjects to get control over their waistline, one of the best known predictor of many chronic conditions.
Cooking oil and trans fatty acids An observation on north Indian slum dwellers had reported that high oral intake of trans fatty acids increased LDL and lowered HDL level in circulation. In addition, trans fatty acids also elevated the level of lipoprotein (a), an independent risk factor of CHD. This fact is critically important in Asian Indians to whom one of the highest levels of lipoprotein (a) was observed and correlated to CHD (Anand et al., 1998; Enas et al., 2003) . People in this part of the world often used Vanaspati, a kind of hydrogenated oil, as cooking medium to preparing sweets and snacks. This hydrogenated oil contains more than 50% trans fatty acid . It is important to state that most Asian Indians are lacto-ovo-vegetarians unlike western vegetarians (Enas et al., 2003) . About 50% of Asian Indians are vegetarians, but their lipoprotein levels and rates of diabetes and CHD are no different from those of non-vegetarians owing to contaminated vegetarianism, in which vegetarians manage to consume excessive amounts of saturated and trans fatty acids (Enas and Yusuf, 1999) . In the midst of altering lifestyles and abundant use of Vanaspati to prepare foods, intake of trans fatty acid is likely to increase further in the Asian Indians Ghosh et al., 2003) . Besides, people in this region often used mustard along with rapeseed oil as cooking medium. Both mustard and rapeseed oil contains a number of long-chain MUFA, for example, erucic acids, PUFA and SFA. In analyzing the data, unlike many workers, author calculated MUFA in mustard and rapeseed oil excluding the erucic acids; a similar procedure was also evident in a study on north Indian slum dwellers. Present investigation further revealed that erucic acids had significant positive associations with central obesity measures, lipids (TC, TG), lipoprotein (LDL) and plasma glucose. It was also observed that people who were using mustard and PUFA oil (e.g. sunflower oil) in a weekly manner (2:5 days) had better metabolic profiles (particularly lipids) and less body fat compared to those who were using mustard oil only as cooking medium. However, till date, no data on permissible level of erucic acids in Asian Indians have been advocated. In fact, its ensuing role in developing myocardial infarction has not well been validated in any population (Enas et al., 2003) .
Dietary carbohydrates and fats
The study also revealed that daily total intake of carbohydrates and fats was on the higher limit of the recommendations of World Health Organization (WHO). Interestingly, in urban slum dwellers of northern India, the total fat intake also was on the higher limit of the WHO recommendation . In the present study, there were significant differences for daily total intake (in gram) of carbohydrates and fats between lean control and obese dyslipidaemic subjects. The major source (s) of carbohydrates were from rice, wheat, sweet potatoes and green leafy vegetables, whereas the major source (s) of fat intake were from milk and milk product, hydrogenated fats and fatty fish. In fact, rice and fish are the staple foods in this part of the world (Ghosh, 2004) . The atherogenic dyslipidaemia that has been defined as HDLo35 mg% (NIH/NCEP/ATP-II, 1994) was absent in the study. This could have been owing to frequent consumption n-3 PUFA by means of fish eating that lowers blood triacylglycerol concentration significantly and reduces CHD risk as well, in part, independently of their influence on lipoprotein concentration (Shaefer et al., 1994) . But on the hind side, they are consuming a large quantity of saturated fats daily from fatty fish. However, no study has been undertaken so far to find out fatty acids composition of fish often used in Indian dish. Less consumption of daily carbohydrates and fats by lean dyslipidaemic subjects compared to obese dyslipidaemic subjects could perhaps one valid reason of why lean dyslipidaemic subjects had considerably lower mean for fasting glucose compared to obese dyslipidaemic individuals.
Dietary fatty acids and group membership No significant differences for BMI and significant differences for central obesity measures between Group I and Group II reinforce the fact that health risks associated with chronic diseases such as dyslipidaemia, etc. occur in people with lower BMI in the Asia-Pacific region, in particular, people of south Asian origin (e.g. Indians) have more centralized obesity for a given level of BMI compared to Caucasians (McKeigue et al., 1991) . The result of the discriminant analysis, which is useful to build a predictive model of group membership based on observed characteristics of each case, revealed that overall 78% of all entries could correctly be classified using fatty acids and their ratios mean while dealing with dyslipidaemic Asian Indians, clinicians should consider obesity measures, metabolic profiles and dietary fatty acids all together to better comprehend the condition (s). The study has had some of the limitations inherent in a case-control design. Although the community-based controls would have been ideal, however, hospital-based controls were taken because this was easier to recruit and usually belonged to the same population as hospital-based subjects. Moreover, the subjects in the study were male, so, any extrapolation of these results to women would have to be performed with great care. There is evidence that Indian women may be comparatively worse off than men in many aspects of risk for CHD (Mahajan and Bermingham, 2004) . Comparison of pre-and post-menopausal women in this aspect would also be useful to better comprehend the condition. Longitudinal studies investigating the interaction between modifiable and non-modifiable risk factors are urgently needed to further our understanding in etiology of dyslipidaemia in this ethnic group. Comparison of Indian migrants elsewhere with that of local population of respective countries would yield valuable information about the gene-environment interaction involved in the chronic diseases like dyslipidaemia. Furthermore, dietary management including dietary guidelines would be useful to lessen the growing incidence of dyslipidaemia in Asian Indians. However, at present, no such recommendation exists for Asian Indians.
